The structure of organic monolayers on liquid surfaces depends sensitively on the details of the molecular interactions. The structure of a stearic acid film on a mercury surface was measured as a function of coverage with angstrom resolution. Unlike monolayers on water, the molecules were found here to undergo a transition from surface-parallel to surface-normal orientation with increasing coverage. At high coverage, two condensed hexatic phases of standing-up molecules were found. At low coverage, a two-dimensional (2D) gas phase and condensed single-and double-layered phases of flat-lying molecular dimers were revealed, exhibiting a 1D longitudinal positional order. This system should provide a broader tunability range for nanostructure construction than solid-supported self-assembled monolayers.
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The structure of organic monolayers on liquid surfaces depends sensitively on the details of the molecular interactions. The structure of a stearic acid film on a mercury surface was measured as a function of coverage with angstrom resolution. Unlike monolayers on water, the molecules were found here to undergo a transition from surface-parallel to surface-normal orientation with increasing coverage. At high coverage, two condensed hexatic phases of standing-up molecules were found. At low coverage, a two-dimensional (2D) gas phase and condensed single-and double-layered phases of flat-lying molecular dimers were revealed, exhibiting a 1D longitudinal positional order. This system should provide a broader tunability range for nanostructure construction than solid-supported self-assembled monolayers.
Amphiphilic molecules like alcohols and fatty acids consist of a hydrophilic head and hydrophobic tail. When placed on the surface of an aqueous bulk, such molecules, surface-confined by the head group-surface hydrophilic attraction, often form a monolayer, known as a Langmuir monolayer (LM) (1, 2) . Because of their quasi-2D nature and the molecular alignment by the surface, the structure and properties of LMs depend sensitively on the details of the architecture of the constituent molecules and their inter-and intramolecular interactions. Moreover, this structure can be varied easily by compression, temperature variation, or adsorption of solutes from the subphase. Thus, molecular-level studies of the structure of LMs are invaluable for elucidating the nature of interand intramolecular interactions in organic, organometallic, and biologically active molecules. Having intrigued researchers since 1891 (3), LMs have also been studied as models of 2D matter, of cell membranes, and as a route to nanoengineering and molecular electronics (1, 2, 4) . Their angstrom-scale structure was first determined only in 1987, by in situ synchrotron x-ray methods (5-7). Since then, many such studies have revealed a wealth of structures, phases, and transitions in LMs of chain molecules on various aqueous subphases (1, 2, 8) .
Invariably, the combination of van der Waals attraction between the alkyl chains and the hydrophobic repulsion between the chains and the aqueous subphase drives the alignment of the molecules' long axis at, or close to, the surface normal, regardless of their in-plane organization.
Here, we report angstrom-resolution x-ray measurements of the coverage dependence of the structure of a LM on a liquid Hg subphase. The use of a nonaqueous, yet liquid, Hg subphase causes a drastic change in the chain-subphase interaction, from a strong hydrophobic repulsion for the aqueous subphases used to date to a strong attraction for the Hg surface. This results in the formation of an intriguing phase sequence, in which the orientation of the molecules with respect to the surface changes from parallel to normal. The high-coverage phases are similar to those observed on aqueous subphases, with surface-normal-oriented molecules (8) . The low-coverage phases, however, consist of single or double layers of flat-lying molecular dimers, the x-ray diffraction patterns of which suggest a 1D smectic-like longitudinal positional order. Such phases have not been reported for aqueous subphases. A coexistence range between the condensed flat-lying and standing-up phases is also found.
Thermodynamic and kinetic data are available for organics on Hg (9), but only three structural x-ray studies have been published (10) (11) (12) . They reported close-packed phases with surface-normal molecules, as a result of the high coverages used. Here we use stearic acid [CH 3 -(CH 2 ) 16 -COOH], for which the estimated carboxyl head group-Hg subphase bond strength (10), ϳ1.5 kJ/mol, is even lower than the carboxyl-water hydrogen bond strength (13) , Յ10 kJ/mol. Stearic acid is expected, therefore, to form a LM on Hg, where the molecules should have high surface mobility and thermal equilibrium structures should be obtained at any given coverage. This expectation is confirmed by x-ray reflectivity (XR) (14, 15) , grazing incidence diffraction (GID) (14-17) (measuring the structure normal and parallel to the surface, respectively), Bragg rod (BR) (measuring the molecular tilt's magnitude and direction) (14) (15) (16) (17) , and surface-pressure ()/moleculararea (A) isotherm (9, 18) measurements.
Our measured isotherm on Hg (circles) and that measured on water (18) (line) are shown in Fig. 1 (19) . When A decreases below 110 Å 2 /molecule, three distinct -regions are observed: a slow rise, a plateau, and a fast rise. Beyond the general observations that a plateau is usually a two-phase coexistence region (1, 2, 18) and that the fast-rising region resembles that of the "solid" phases of LMs on water (1, 2, 18) , no definite structural conclusions can be drawn on the basis of the isotherm alone.
Fresnel-normalized XR curves, measured at A values indicated in isotherms of a LM of stearic acid on Hg (solid line with circles) and on water (solid line without circles) at room temperature. X-ray reflectivity was measured at the numbered points. The dashed line is an isotherm of a hard-sphere gas. The molecular area A was varied by stepwise deposition of a chloroform solution of stearic acid onto the fixed-area trough (6.5 cm by 17.5 cm), enclosed in a He-filled box and mounted on a diffractometer. The surface pressure was measured by a film balance with a Hg-amalgamated platinum plate.
kyl chains. This and the isotherm strongly support the conclusion that for A Ն 110 Å 2 /molecule, the LM is a monolayer of surface-parallel molecules. The detection by XR of such thin films, d Յ 5 Å, is possible only on liquid metal surfaces, where the high surface tension, ␥ Ϸ 500 mN/m for Hg, results in a very low surface roughness, Յ 1 Å. The larger ϭ 3 to 4 Å of an aqueous surface (24, 25) (␥ Ϸ 72 mN/m) precludes reliable XR studies of LMs less than ϳ15 Å thick.
The XR curves 3 and 4, at A ϭ 81 and 61 Å 2 /molecule, reveal the successive growth of a second layer of surface-parallel molecules on top of the first layer. The fits yield a full coverage for the first layer and densities equivalent to a coverage of 43 and 75% of the area, respectively, for the second layer. This is in good agreement with the amount of material deposited. XR shows 100% coverage for the second layer at A Ϸ 52 Å 2 / molecule, close to the onset of the plateau in the isotherm at A ϭ 57 Å 2 /molecule, and close to the 118/2 Ϸ 59 Å 2 /molecule calculated for a two-layer film of surface-parallel molecules (19) . Preliminary results show the same surface-parallel single-and double-layer phases in a lignoceric acid (C 24 H 48 O 2 ) LM on Hg, with the same thickness and density values, over similar A ranges, scaled by the greater, ϳ32 Å, molecular length. This strongly favors the present interpretation of a double-layer phase in this A range, over the "crumpled molecule" phase, suggested on the basis of the isotherm alone (9).
The conclusion is that for A Ն 52 Å 2 / molecule, the structure is dominated by the strong chain-subphase attraction, which induces surface-parallel molecular alignment in the LM. The attraction is, however, insufficient to induce a third layer of surface-parallel molecules. Upon increasing the coverage further, the molecules start standing up.
The XR on the plateau, e.g., curve 5 at A ϭ 30 Å 2 /molecule, shows short-period Kiessig-like fringes, which could be fitted only by assuming a two- GID and BR patterns measured for the highdensity standing-up phases at several coverages are shown in Fig. 3 , with peaks indexed in a body-centered rectangular lattice (1). Table 1 lists the GID-derived data for these phases. For A Ն 23 Å 2 /molecule, the molecules tilt toward next-nearest neighbors (NNNs), as evidenced by the BR's peak positions, q z,p (02) Ϸ 2 ϫ q z,p (11) 0, and their 1: 2 intensity ratio, resulting from the twofold degeneracy of the (11) peak and the nondegeneracy of the (02) (1) that the lattice distortion is induced by the tilt, and not by a reorientation of the molecular backbone planes. For the highest (lowest A), the single GID peak and the BR's q z,p ϭ 0 prove a hexagonal packing of untilted molecules, i.e., a super liquid (LS) phase (1) . The same phases, O v and LS, were also found, with very similar unit cell dimensions and tilts, for stearic acid LMs on water (8) at high , where they show hexatic order, and disordered backbone plane orientations (1, 29) . The lower symmetry phases found on water (8, 29) , some exhibiting NN tilts and almost all having herringbone order for the backbone planes, were not detected here. Perhaps this is because the surface pressures at which these phases occur in water-supported LMs are much lower than the surface pressure Ն 48 mN/m at which the standing-up phases are observed in our Hg-supported LMs. Some of these lower symmetry phases may appear in Hg-supported LMs at temperatures below the room temperature at which the present study was performed.
The two low-coverage phases of flat-lying molecules exhibit several low-q GID peaks, all multiples of q ϭ 0.120 Å Ϫ1 (Fig. 4, inset) . This indicates a well-ordered structure with a repeat distance d ϭ 52.4 Å, ϳ6% larger than that of bulk stearic acid (30) , d bulk ϭ 49.3 Å. All bulk crystalline polymorphs of stearic acid consist of dimers, hydrogen bonded at their center by the carboxylic head groups of the two molecules (19) . The close correspondence between d and d bulk implies that our low-coverage phases consist of in-plane ordered uniform-width stripes of flat-lying dimers, oriented along the stripe's width. The BR results, shown in Fig. 4 as a 3D pattern and as contour plots, strongly support this conclusion. The published repeat distances of Langmuir-Blodgett multilayers of metal stearates range from 49.9 Å [Mn stearate (31) ] to 50.6 Å [Pb stearate (32) ], all within ϳ1 Å of d bulk , and considerably smaller than d ϭ 52.4 Å of our flat-lying phases. Thus, repeat-distance considerations and/or the BR fits can neither support nor rule out a possible incorporation of Hg atoms into the flat-lying dimer's center, as is found in self-assembled multilayers of surface-normal thiol molecules (33) . The origin of the ϳ3 Å difference between the repeat distances of flat-lying (here) and surfacenormal (bulk) dimer phases is unclear and merits further study. Finally, no GID peaks were found for the flat-lying phases at 1.2 Յ q Յ 1.4 Å Ϫ1 , which would correspond to an order along the stripes, normal to the dimers' long axis. Therefore, we conclude that the GID results suggest a 2D smectic-like structure for the flatlying phases, i.e., a 1D longitudinal positional order within a quasi-2D layer.
The results above indicate that the strong surface-chain attraction dominates the structure Table 1 . of the Hg-supported LMs, either directly, by inducing the surface-parallel single-and double-layer phases, or indirectly, by imposing a high -threshold on the standing-up phases and thus eliminating the low-standing-up phases observed in water-supported LMs. Hg-supported LMs, in which the film thickness and inplane structure can be tuned in situ by varying the surface pressure, and in particular the phases revealed here, may prove more advantageous for studying nanosized electronic devices than the fixed-structure thiol self-assembled monolayers being used at present (34, 35 We measured acoustic emission energy during antigorite dehydration in a multianvil press from 1.5 to 8.5 gigapascals and 300°to 900°C. There was a strong acoustic emission signal on dehydration, and analysis of recovered samples revealed brittle deformation features associated with high pore-fluid pressures. These results demonstrate that intermediate depth (50 to 200 kilometers) seismicity can be generated by dehydration reactions in the subducting slab.
The origin of intermediate-and deep-(50 to 600 km) focus earthquakes within subducting oceanic slabs remains enigmatic. At these depths, rocks should deform by plastic flow rather than by the sudden brittle deformation that is prevalent in the shallow crust. Subducting oceanic lithosphere undergoes changes in mineralogy with increasing pressure and temperature, and these reactions have been invoked to explain deep earthquakes (1-4) . Dehydration of the subducting slab and migration of fluids generates magma below back-arcs (5, 6), but it is currently unclear whether these phase transformations can generate seismicity under the pressure-temperature (P-T) conditions of the subducting slab. We performed acoustic emission (AE) studies of antigorite dehydration between 1.5 and 8.5 GPa under conditions pertinent to subduction. AEs are high-frequency elastic waves produced by rapid strain in solids and are analogous to seismic waves within Earth. Antigorite is the major hydrous phase in serpentinized peridotites and can be used as a proxy for hydrous phases in the slab. AE signals just above the dehydration temperature demonstrate that elastic strain waves associated with rapid deformation are a characteristic feature of dehydration under these conditions.
Experiments were performed in a 1000-metric-ton split-cylinder multianvil press (7). Cylinders 3 mm in diameter and 4 mm in length were cored from a natural Erzgebirge garnet serpentinite, and garnet-free cores were chosen as samples. 62 ] with minor chromium-diopside, olivine, and oxides. Samples were placed centrally in a stepped LaCrO 3 furnace in the high-pressure cell. Acoustic waveguides were placed betweenthe sample and the anvils. We used either polycrystalline corundum or iron waveguides. Corundum has a low attenuation, maximizing the observed AE signal, but gen- 
